Two in vivo experiments were conducted to evaluate the effect of novel urease inhibitor hydroquinone (HQ) on ammonia release rate from urea hydrolysis, nitrogen balance, nutrient digestibility and efficiency of microbial protein synthesis. In Exp. 1, twelve crossbred cannulated lambs were randomly assigned within initial body weight block to one of four HQ treatments, which included 0 (control), 30, 60 or 80 mg HQ/kg DM intake. Ammonia concentration and pH of ruminal fluid were immediately measured at 0, 2, 4, 6 and 8 h after feeding. Increasing the dose of HQ tended (p<0.15) to linearly decrease NH 3 formation. The ammonia peak concentration (2 h post-feeding) in animals receiving HQ was approximately one-half of that in animals not receiving HQ (p<0.01), and a relatively sustained ammonia release could be obtained at the dose of 30 or 60 mg HQ/kg DM. In Exp. 2, sixteen intact crossbred lambs (weight 40±0.8 kg) were used in a 2×2 factorial design experiment. The four rations consisting of soybean meal-based (SBM) or urea-based (Urea) nitrogen source with or without HQ (S1, S0, U1 and U0) were fed in digestion and N balance trials. Apparent digestibility of major nutrients except that of ADF was not affected by either nitrogen source or addition of HQ. Regardless of nitrogen source, supplementation of HQ significantly improved ADF digestibility (p<0.05). The various ration had no effects on N metabolism in the presence of HQ. There was significant difference between total purine derivatives (PD), estimated efficiency of microbial N synthesis (p<0.05) and urea-N excretion (p<0.01) in the urine for the SBM ration and for the Urea ration. However, HQ had little influence on efficiency of microbial N synthesis as proportion of daily intake of total tract digestible OM (p>0.05). No interactions between main nitrogen source and HQ were measured throughout the trial. Results of this study suggest that addition of HQ to ration may improve ADF digestion with having no negative effect on N metabolism and microbial protein production. 
INTRODUCTION
A major factor that limits the efficiency of the utilization of urea by ruminants is the rate at which urea is hydrolyzed in the rumen. Urea is converted to ammonia and carbon dioxide and the resulting ammonia is frequently produced more rapidly than the microorganisms can utilize it for amino acid and protein synthesis. One solution to the problem of the rapid rate of ammonia release from urea could be the use of urease inhibitor. Currently, urease inhibitors (e.g. acetohydroxamic acid, AHA; phenylphosphorodiamidate, PPDA; N-(n-butyl) thiophosphoric triamide, NBPT), as a means of retarding the rapid degradation of dietary urea in rumen, have been used with limited success. Research with these urease inhibitors has demonstrated that most of them are unsuitable for long-term use in vivo because of the rapid adaptation, whereas some have negative effects on nitrogen metabolism in the animal (Jones and Milligan, 1975; Whitelaw et al., 1991; Ludden et al., 2000a,b) . However, many other urease inhibitors are widely used in urea-based commercial fertilizer and livestock manure disposal. Of these, hydroquinone (HQ) has shown be one of the most potent inhibitors of soil urease. There is no report on the use of hydroquinone in animals in the published literature. We have earlier reported inhibitory effects of HQ on ruminal urease in sheep and its kinetics in vitro (Zhang et al., 2001) . The aim of this study was to determine the influence of HQ on in vivo rumen ammonia production, nitrogen balance, nutrient digestibility and efficiency of microbial protein synthesis.
MATERIALS AND METHODS

Animals, experimental design and diets
In experiment 1, twelve crossbred cannulated lambs (Texel×Local breed, weight 38±0.9 kg) were used to determine the effective dose range for HQ. Before initiation of the experiment, deworming was done and~ the lambs were adapted to a basal diet (table 1) for approximately one month. The lambs were randomly assigned within block (blocked by initial BW) to one of four HQ treatments, which included 0 (control), 30, 60 or 80 mg HQ/kg DM intake and kept individually in wooden pens equipped with feeder and water troughs. All lambs were fed 600 g of a pelleted complete ration in two equal portions at 08:00 and 18:00 daily for the duration of a 10 day adjustment and 2 day collection.
In experiment 2, sixteen intact crossbred lambs (weight 40±0.8 kg) were used in a 2×2 factorial design experiment to investigate the effects of two nitrogen sources with or without HQ upon nitrogen balance, major nutrient digestibility and efficiency of microbial protein synthesis. The animals were randomly distributed to four different rations. The four ration supplemented with or without 30 mg HQ/kg DM were basically isonitrogenous and isocaloric varying in the nitrogen source (soybean meal, S and urea, U) and designated as S1, S0, U1 and U0, respectively. Compositions of rations are shown in table 1. The lambs were placed in metabolism crates and managed as described in previous experiment. The nitrogen balance experiment lasted for 15 days with a 10 day adjustment period following by a 5 day collection period.
Measurements
In Exp. 1, on day two of the experiment, samples (30 ml) of ruminal fluid were collected from the ventral sac using a suction strainer just before the morning feeding (0 h) and at 2, 4, 6 and 8 h after feeding. The pH of these samples was measured immediately (Portable pH Meter; Orion Research, Inc. USA). Two milliliters of 10% mphosphoric acid (wt/vol) was added to 10 ml of each sample, and the samples were frozen (-5°C). The samples were thawed and centrifuged at 16,000×g for 15 min at room temperature. Ammonia concentration of the resulting supernatant was determined with an ion analyzer (Expandable Ion Analyzer EA 940, USA). In Exp. 2, nitrogen balance measurements were conducted for five days. Total fecal output was measured and recorded each day, and sub-samples of each lamb (a constant percentage of daily fecal output) were placed in a drying oven (65°C) for a minimum of 72 h. Fecal sub-samples were weighted, composited for each lamb, and ground through a 1 mm screen. Total urinary output was collected each day into plastic collection vessels containing 10 ml 10% of sulphuric acid (vol/vol) to prevent ammonia-N loss by keeping the final pH of the urine below 3, and a daily urine aliquot of each lamb was composited and stored at 4°C until further analyses. Urea ~content of the urine was determined with the diacetylmonoxame method of Marsh et al. (1965) at 520 nm using Spectrophotometer (UV-2401PC-Shimadzu, Japan). Feed offered and feed refusals were weighed everyday, and a representative sample was composited at the end of the experiment and ground through 1 mm screen until further analyses. Representative samples of feeds, orts and feces were subjected to DM and OM determination following the AOAC (1975) procedure. Nitrogen content of the samples were determined by the Kjeldahl method. Neutral detergent fiber (NDF) and acid detergent fiber (ADF) were analyzed following the procedure of Goering and Van Soest (1970) . With the assumption that purine derivative (PD) excretion could be used as estimator of the microbial protein supplied to the animal (Topps et al., 1965; Fujihara et al., 1986; Chen et al., 1990; Verbic et al., 1990) . The amount of microbial purine absorbed corresponding to PD excreted was calculated as follows: Y=0.84X+ 0.15W 0.75 e -0.25X ; where Y=purine derivative output in urine (mmol/d), X=The amount of microbial purine absorbed by small intestine (mmol/d), and W=body weight (kg). Microbial purines absorbed and microbial N yield was calculated based on the relationship derived by Chen et al. (1990), namely: Microbial N (g/d)=0.727X; where X=purine amount absorbed through small intestine (mmol/d). In the present experiment, the term "efficiency of microbial nitrogen supply" (EMNS) is expressed as grams of microbial N per kg of total tract digestible OM. Purine derivatives excreted in the urine of ruminants comprise allantoin, uric acid, xanthine and hypoxanthine. Allantoin was determined by the method of Young and Conway (1942) while xanthine, hypoxanthine and uric acid were analyzed following the method of Fujihara et al. (1987) .
Statistical analysis
For statistical analysis, GLM procedures of SAS (1990) were used. Data were subjected to analysis of variance using the randomized complete block model in Exp.1and the two-way factorial model in Exp. 2, respectively. Where appropriate, mean comparisons were made by Duncan's Multiple Range Test.
RESULTS AND DISCUSSION
Rumen parameters
Ruminal ammonia and pH traits in the rumen fluid of the lambs receiving 0, 30, 60 and 80 mg/kg DM of HQ.Irrespective of supplemental HQ were found in table 2, the pH of the rumen fluid of all animals dropped slightly following feeding then increased until 6 h after feeding, indicating that rumen pH at different time intervals postfeeding was not affected by supplementation of HQ with all values between 6.06 and 6.78. Administration of HQ resulted in a decrease in the rumen ammonia peak. At the time of peak concentration (2 h post-feeding), the ammonia concentration in animals receiving HQ was approximately one-half of that in animals not receiving HQ (p<0.01). The rumen ammonia concentration was lower in lambs fed 80 mg/kg DM than in other lambs at 4 h (p<0.05), and by 6 h post feeding no significant differences (p>0.05) existed between control and treatments. Rumen ammonia concentrations at 8 h post feeding, the control and 80 mg/kg HQ treatment were lower as compared to the 30 or 60 mg/ kg HQ treatments (p<0.05). These results indicate that dietary HQ depressed rumen urease and inhibited the hydrolysis of dietary urea. The immediate effect of this inhibition was evident by the decrease in peak concentration of ammonia. In general, the effect of the urease inhibitor was greater at 2 h than at 4, 6 and 8 h post-feeding. Addition of 30 or 60 mg/kg HQ to diet appeared to be beneficial for sustained ammonia release in the rumen. Administrtion of HQ to lambs in conjunction with ureacontaining rations depressed the rumen concentration of ammonia supporting the results found in earlier in vitro studies (Zhang et al., 2001 ).
Nutrient digestion
The nutrient digestibility of rations in Exp. 2 is presented in table 3. The digestibility of DM, OM, CP and NDF of Urea ration (U0 and U2) was slightly higher than that of SBM rations (S0 and S1), but differences between the two types of diets did not result in statistical significance (p>0.05). Regardless of the type of ration, addition of HQ also had no significant effect on DM, OM, CP and NDF digestibility of the diet (p>0.05). The trend to increase NDF digestibility with supplementation of HQ was significant at 10%, but not at the 5% level. Addition of HQ significantly improved ADF digestibility of diets (44.7 vs 36.1, p<0.05). No interactions between main nitrogen source and HQ were measured throughout the trial. Research with other urease inhibitors such as AHA has also demonstrated such an effect on nutrient digestibility and fiber degradation (Streeter et al., 1969) . Moore et al. (1968) noted that addition of AHA to ruminal fluid stimulated cellulose degradation, and this response was greater with inclusion of urea in the inoculum. In our studies, the addition of HQ increased ADF digestibility, which is consistent with the previous study. As expected, decreasing urea hydrolysis resulted in optimum ruminal fermentation when HQ was supplemented in the diet. In contrast to this result, Ludden et al. (2000b) and Voigt et al. (1980c) noted that some potent urease inhibitors, such as PPDA or NBPT suppressed digestion of cellulose. It is well known that ammonia is an essential nutrient for proper growth of many bacteria. Therefore, inclusion levels of the inhibitor may have been in excess, producing a deficiency in available NH 3 -N from thereby decreasing the activity of cellulolytic bacteria. In our studies, the ammonia concentrations resulting from inclusion of HQ at different levels in the diet for Exp.1 were within the recommended range (Satter and Slyter, 1974) for optimum microbial growth, therefore, supporting the ideology that inclusion levels of urease inhibitor must be balanced according to microbial growth.
Nitrogen balance
As shown in table 4, either dietary N source or HQ did not alter the N balance of animals significantly (p>0.05). This is inconsistent with the study by Ludden et al. (2000b) in which NBPT inclusion to the ration had a negative effect on N metabolism. Voigt et al. (1980b) noted that diets containing urea and PPDA increased ~total amount of urea-N excreted in the urine, indicating that dietary urea was less efficiently utilized by the animal. We did not observe an increase in urinary urea-N with addition of HQ, however, the effect of diet was noticeable. The differences in urea-N excretion in urine between the SBM and the Urea ration were very significant (p<0.01, 1.75 vs 4.08). Therefore, the difference in N source ~in terms of rumen degradable rate would explain this result. Animals receiving ration S1 decreased Urea-N excretion by 15% (p<0.12) in comparison with S0. As a result, supplementation with HQ tends to decline endogenous urea-N excretion and consequently exert sparing-protein effect. More than half of the urea-N consumed from ureacontaining ration was voided in the urine. Urea-N loss through urine accounts for 50.6% of the daily urea-N intake in the HQ fed group, in other words, 49.4% of urea-N made available to the animals, while the corresponding group had 44.3%. Our observations suggest that urea-N utilization could potentially be improved by including HQ to urea-containing rations.
Microbial protein yield
Total purine derivative (PD) excretion was higher on HQ supplemented than unsupplemented groups (12.3 vs 11.35), and the differences approached a significance level of p<0.10. The amount of purine derivatives (PD) excreted by lambs fed the Urea ration was significantly higher (p<0.05) than that of lambs fed the SBM ration (8.6 vs 15.16). The added RDP from urea promoted higher PD excretion. Urea-containing rations had higher PD excretions with allantoin contributing more than 80% of total PD resulting in a higher estimated microbial N supply as compared to the SBM ration (p<0.05). The significant increase in microbial N yield from the urea ration was due to the abundant supply of rumen degradable nitrogen. Khandaker et al. (1997) found highly significant correlations between RDP intake and total PD excretion in cattle (p<0.01, r=0.69). Our findings are in agreement with Khandaker et al. (1997) results. The EMNS was significantly lower for the SBM ration than the Urea ration (p<0.05). This difference is probably related to a relatively low degradability of soybean meal protein in contrast to urea. Moreover, variations in the EMNS are mainly related to the supply of microbial nucleic acid (Verbic et al., 1990 ). However, HQ had little influence on efficiency of microbial N synthesis (p>0.05).
CONCLUSIONS
In conclusion, the present experiments have shown that feeding HQ at levels that effectively depress ammonia production from urea does not result in changes either in the digestibility of major nutrients (except for ADF) and in N metabolism. Irrespective of nitrogen source in the diet, HQ had little effect on efficiency of microbial protein production depending largely on the availability of carbohydrates and rumen degradable nitrogen. A relatively sustained release of ammonia caused by administration of HQ appeared to be conducive to a significant increase in ADF digestibility. Direct addition of HQ to the complete ration revealed a tendency to decline endogenous and exogenous Urea-N loss through urine, which implies favorable application of HQ as a urease inhibitor in practical ruminant rations. Further investigation of the effects of long-term administration of HQ in vivo on nitrogen utilization of ruminants is warranted. 
